ABSTRACT VEDROS, NEYLAN A. (Naval Medical Research Institute, Bethesda, Md.), AND PAUL R. HILL. Chemical and antigenic analysis of the cell walls of Neisseria meningitidis group B. J. Bacteriol. 91:1992Bacteriol. 91: -1997Bacteriol. 91: . 1966.-Cell walls have been isolated from Neisseria meningitidis group B, by rapid freeze-thawing or treatment with sodium deoxycholate. Chemical analysis of the cell walls indicated that the amino acid composition, and content of hexosamines and of lipids, were similar to those reported for Escherichia coli, except for higher concentrations of alanine, methionine, glutamic acid, and phenylalanine. The meningococcal cell walls showed groupspecificity in the complement-fixation test, were nontoxic for rabbits, and in rabbits produced antibodies which protected mice from challenge with the homologous strain.
Type-specific antigens of groups A, B, and C Neisseria meningitidis have been isolated by solvent extraction. The antigen specific for group A was isolated by Scherp and Rake (20) as the sodium salt of a "polysaccharide acid." The antigen specific for group B was isolated by Menzel and Rake (11) , and was characterized as a "polysaccharide containing polypeptide." It was demonstrated that this material would absorb the antibodies that protected mice from challenge with the homologous strain suspended in mucin. This antigen was also toxic for rabbits after intraperitoneal injection. Boor and Miller (2) isolated an entirely different group B specific antigen, which they characterized as a lipopolysaccharide. A type-specific antigen for group C has been isolated and identified as a polymer of sialic acid linked to hexosamine (23) . Attempts to isolate this material from groups A and B were not reported, but no cross-precipitation occurred between the group C antigens and high-titer group A antiserum. In addition to the above specific antigens for the three recognized groups of N. meningitidis, a polysaccharide has been isolated from all groups which cross-precipitates with antisera to other bacterial species (15) .
It is not known to what extent the above information refers to cell walls. The present report describes the isolation and properties of the cell walls of group B meningococci.
MATERIALS AND METHODS
Microorganisms. Isolates of N. meningitidis from cases (strain L-1) and healthy carriers (strains 8B and 2B) were received from various military recruit camps, and were maintained within two to five passages of the original source material. Prototype strains 1027A and 2091B were received through the courtesy of Margaret Pittman. Upon initial passage, all isolates were examined for morphology in stained smears, smoothness by halo precipitation test (9) , sugar fermentations, and serological classification by agglutination. Cultures grown on Mueller Hinton Medium (Difco) slants were then suspended in a "drying medium" (7), consisting of 7.5% bovine serum albumin, 1.0% sodium glutamate, and 0.001% phenol red, and were stored at -65 C. Strains stored in this manner maintained their viability for as long as 1 year and proved to be satisfactory working stocks for subculture.
When cultures were to be used, Mueller-Hinton slants were inoculated, and were incubated in a CO2 incubator (National Appliance Co., Stamford, 24 hr. This latter technique proved satisfactory with the meningococci, and has been shown to be an effective method of enumerating other bacteria (8) .
Cell wall preparation. Cell suspensions (about 1010 cells per milliliter) were ruptured by either 10 to 15 periods of alternate freezing and thawing or treatment with sodium deoxycholate (0.5% final concentration) for 10 min while shaking at 37 C. The extent of cell breakage was determined by light microscopy, after use of the Gram stain. After rupture, the cell walls were sedimented at 36,000 X g for 20 min and washed once with 1 M KCI. After three further washes with cold distilled water, the cell walls were treated with trypsin (Difco; 1:200; final concentration, 0.5%) for 1 hr at 37 C and 16 hr at 4 C. The cell walls were again washed three times with cold distilled water, suspended in distilled water to the original volume, and lyophilized.
Electron microscopy. Lyophilized specimens were washed and suspended in 2% ammonium acetate before applying to Formvar-coated copper grids by spraying. After shadowing with platinum at an angle of 16°, the specimens were examined in an RCA model EMU-8 electron microscope.
Chemical analysis. Cell walls were suspended in distilled water and total nitrogen was determined by the micro-Kjeldahl method (10) . Specimens were hydrolyzed in 6 N HCl for 22 hr at 110 C, after which they were brought to dryness in vacuo over NaOH pellets. The dried cell walls were diluted to the desired protein concentration with sodium citrate buffer (pH 2.2), and amino acid composition was determined on a Spinco amino acid analyzer (model 120B; column temperature, 53 C; flow rate, 60 ml/hr; sodium citrate buffer, pH 5.28, 0.3 N). Lyophilized specimens were also analyzed for glucosamine by the method of Elson and Morgan (6); for lipids by the technique of Salton (17); and for total nucleic acids by the hot perchloric acid technique of Ogur and Rosen (14) .
Rabbit immunization. New Zealand white rabbits, weighing approximately 1,500 g, were injected either with cell walls from a culture of 1010 bacteria per milliliter or with 108 (per milliliter) washed, whole cells suspended in a saline containing 0.5% formaldehyde.
The standard inoculum was 1 ml except as noted. Two immunization schedules were employed. (i) Three intraperitoneal injections weekly for 3 weeks were followed by a 1-week rest. The injection schedule was then repeated for 1 week, and the animals were bled on the 7th day after the last injection. (ii) One intravenous injection each hour for 3 hr on day 0 was followed by double the dosage in a single intravenous injection (2 ml) on the 4th day. The animals were then bled on the 9th day. Salton (16) for defining a preparation as "cell walls," i.e., morphological homogeneity, absence of electron-dense material, and absence of nucleic acid. A representative trypsin-treated preparation obtained by rapid freezing and thawing is shown in Fig. 1 . The cell walls averaged 1 A in diameter. The majority of cell wall images were circular with continuous edges, but occasional sections were broken off or had an irregular margin as indicated by the center cell in Fig. 1 . Some folding of the cell walls was evident by the denser material seen in the center of the cells.
Complement fixation (CF
Attempts to rupture the cells by sonic vibration with and without micro-glass beads were unsatisfactory. Complete shattering of the organisms occurred, and the particles were difficult to sediment at 36,000 X g. Similar results with other bacteria have been reported by Slade and Vetter (21) .
Chemical composition of the cell walls. The average amino acid composition of the proteins of two preparations of strain L-1 cell walls obtained by freeze-thawing is shown in and unabsorbed sera were standardized by homologous checkerboard titration, and 5 units of antiserum was used to test dilutions of whole cells and cell walls. Results representative of three separate preparations of cell walls of strain L-1 prepared by chemical lysis are shown in Table 3 . Absorption of group A antiserum with group B organisms did not selectively remove the heterologous group antibodies to whole organisms, but did reduce heterologous cell wall antibodies to a level below that measured in this test. Absorption of group B antiserum with group A organisms had no effect on the antigenic titer of group B cell walls, but reduced slightly the titer of group B whole cells. Furthermore, in an experiment not shown in Table 3 , it was also possible to absorb all measurable cell wall antibodies in group B antiserum with group B cell walls. Table 4 . Very high CF titers were obtained by both immunization schedules, with no noticeable toxic effects on the rabbits. Minor antigenic determinants present in group B cell walls and related to group A antigens were not detected by antigenic titration against group A antiserum, but did produce heterologous antibodies upon immunization. This is shown (Table 4) by the low titers obtained against group A whole organisms. Antisera to the group B cell walls were absorbed with group A organisms, and the heterologous group A antibodies were completely removed.
Passive protection of mice. Antisera to group B cell walls were tested for their ability to protect mice when challenged by various strains of N. meningitidis suspended in mucin. Results obtained with antisera to group B strain 8B cell walls are shown in Table 5 . Similar results were obtained with strain L-1 cell wall antisera. As can be noted, 160 MPU per ml was present in the homologous serum. The protective effect against another group B strain was approximately the same or slightly lower. Little or no protection was afforded the mice when challenged by heterologous A and B strains. The protective antibodies in the homologous strain 8B antisera could be removed by absorption with strain 8B cell walls. There appeared to be a rough correlation between the CF titer of the test antiserum with the challenge organisms and the number of MPU present. In data not shown in Table 5 , it was noted that antibodies to the cell walls of group B, strain 2B, avirulent for the mouse (LD50 >2 X 106 electron-dense material could not be obtained even after repeated washings with distilled water. In one preparation, four treatments of the final preparation of cell walls with trypsin did not alter its antigenic characteristics. Therefore, the kappa substance is most likely not identical to our cell wall preparations.
The only available animal test system for N. meningitidis is that reported by Miller (12) , in which the test organisms are suspended in mucin and the mice are injected intraperitoneally. This technique was used extensively in the preantibiotic era for standardizing serum for therapy and for characterizing experimental sera in terms of MPU. Menzel and Rake (11) reported that their group B-specific antigen produced only 8 MPU, was toxic for rabbits, and would absorb from 75 to 90% of the protective antibody in sera obtained by group B whole-cell immunization. We found that group B cell walls are nontoxic for rabbits in very high dosages, produce up to 160 MPU for the homologous strain (with smaller amounts for heterologous strains), and absorb the majority of the protective antibody in sera produced by cell wall immunization.
There are to our knowledge no published reports on the chemical nature of the cell wall of N. meningitidis. Murray et al. (13) observed in thin sections of various Neisseria strains that the cell walls consisted of gently undulating triplelayered components overlying an excessively thin but taut and dense layer. No chemical analyses were made and no details given on the particular group of N. meningitidis examined. We did not examine thin sections of meningococci, but on chemical examination we found the usual array of amino acids reported for other gram-negative bacteria. It may be pointed out that, of the four amino acids (alanine, methionine, glutamic acid, and phenylalanine) found in higher concentrations then previously reported for E. coli, only glutamic acid has been implicated in past nutritional studies as a requirement for growth of this organism (19) .
